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I. Introduction

Uranium hexafluoride has been the subject of intense spectrosconic
investigation for the past 40 years.]'9 The one-choton aas ~hase absorp-
tion spectrum exhibits only broad charge transfer bands with maxima at
z14, 267 and 368 nm. To a first approximation, these bands mav be con-
sidered as resulting from an electron being promoted from a fluorine 2o
orbital to a uranium 5f orbital. Lewis and coworkers4 have published a
more detailed band assignment which takes into account the strong soin-
orbit coupling in UF6. In their scheme, the uppermost filled molecular
orbital (primarily a ligand t]u orbital) transforms as Tiys ancd the five
lowest (primarily metal) unfilled orbitals transform as Toy, Tyy» Toys
Tgys and rgy in order of increasing energy. Thus, the 260 and 368 nm bands
are assigned to electric dipole forbidden, magnetic dipole allowed u ~ u
transitions, while the first electric dipole allowed transition occurs from
the molecular orbital immediately below the hiahest filled M0 (a I¢g orbital)
and is identified with the 214 nm band. It would therefore appear profitable
to study multiphoton, and in particular two-photon, spectroscopy of UF6 since
the selection rules are complementary to the selection rules for one-photon
spectroscopy.

Low temperature solid state UF6 emission and excitation spectra exhibit
detailed vibronic structure.s’9 The one-photon gas phase absorption
spectrum of MoF6, a molecule similar to UF6, has been reported <o show a
10,3

orocression in .. in the ultraviolet. Thus, the possibili<. =7 cbserv-

ing two-photon vibronic structure provides a further motivatior for twc-

photon absorption experiments with UFG.




L third impetus for these investigations is provided bv Lewis's*

molecular orbital diagram which places the twc highest occupied melecular
orbitals in UF6 in the reverse order from that observed in most other
hexahalides. Thus, tlg: is predicted to be below tue in UF6 whereas

YT is the more stable in most other hexahalides. This point is dis-

cussed in a review by Jorgensen!!. Two-photon spectroscopy might reason-
ably be expected to provide additional information regarding this reversal.

Finallv, elucidation of the low lvino electronic and vibronic states

of UF,. would te an important step towards an understandino of its photo-

€
physical and photochemical behavior. v




I1. Experimental
The experimental apparatus used in this investigation has been
described previouslyl=»!3. Briefly, tne purified (triply distilied in
vacuo) UF6 is contained in a stainless steel can which 1is attached to

the optical cell with stainless steel tubing. The cell is constructed

nf <tainless steel and quartz windows with indium seals. A beam from a

Nd/YAG-pumped dye laser (Quanta Ray) 1is focused into the cell and fluores-

cence is observed at 90" to the beam direction via an RCA 8850 photo-

multiplier tube. The signal from the PM tube 1is fed into channel A of =
a PAR Boxcar Integrator. The beam, after passing through the optical cell,
impinges upon a power meter, the signal from which is fed into channel

B of the boxcar. Spectra are recorded as A/B2 in an attempt to normalize
intensity to dye output and minimize pulse-to-pulse laser variations. A
CuSO4 filter is placed between the cell and the PM tube to remove scattered
laser light, and suitable sharp-cut filters are placed on the cell to
remove unwanted dye-laser harmonics and incoherent fluorescence. To

obtain sufficient power in the low energy region of the spectrum, a Raman- .
shifter is employed with some of the dyes to shift the wavelength by

4155 cm-]. The Raman shifter contains hydrogen at a pressure of 100 ps1.

The following dyes are used to scan the wavelength ranges indicated:

DCM 628-670 nm

Carbazine 720 684-720 '
Rhodamine 590 (Raman-shifted) 716-750

Rhodamine 610 (Raman-shifted) 746-774

Kiton Red (Raman-shifted) 760-784

Rhodamine 640 (Raman-shifted) 794-816

I
1
!
t
3

aCm ‘Raman-shifted) g15-910
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In the DCM and Carbazine 720 dye regions, absorption spectra were
also obtained photoacoustically as described in reference 12. Essen-
tially the same two-photon spectra are obtained by both technigues.

In addition to the absorption spectra, an attempt was made to dis-
perse the UF6 emission upon excitation at two separate wavelengths:

640 nm (DCM dye - 260 nm band) and 775 nm (Kiton Red dye - 368 nm band).
Excitation at 640 nm yields a weak continuous emission over the wave-

length range 300 to 450 nm. No structure whatsoever was observed.

Excitation at 775 nm yielded an emission signal too weak to be dispersed.

_ . oy




III. Results and Discussion

If it is assumed that two photons are absorbed simultaneously, the
wavelength range covered corresponds to a range which includes the low
energy side of the 260 nm band to the low energy side of the 368 nm band !
of the one-photon spectrum (342-410 nm). In the one-photon spectrum, a
minimum is observed in this region at 340 nm, with strong absorption to
high energy and weak absorption to the low energy side of this minimum.
No absorption is observed above 410 nm3°%. The multiphoton (fluorescence)
excitation spectrum exhibits the same overall shape as the one-photon
spectrum in the wavelength range studied with the minimum shifting to
354 nm. Strong absorption is observed to high energy and weak absorption
to the Tow energy side of this minimum. No absorption is observed above
410 nm. Similar results obtain for the photoacoustic spectra.

In order to determine the number of photons simultaneously absorbed,
a power dependence study was performed on several of the dyes (R610, R59G and
C720) by plotting fluorescence intensity vs. laser power on a log-log
graph. The slopes of the lines obtained were generally between 3.0 and
3.6 suggesting the absorption of 3 or 4 photons. This is believed to be
the result of two effects: (1) Real, super-quadratic multiphoton absorp-
tion and (2) the build-up of a UF5 or (UFshi“snow" within the cell which
strongly scattered the incoming beam and lead to a spuriously high “fiuores-
cence" intensity].4 UFg is known to photolyze rapidly to UFg which then
po1ymerizes.]5 The sensitivity of the PM tube was sufficiently high i
that even a few photons passing through the CuSO4 filter would yield |
higher than normal intensities. As more experiments were performed

between cell cleanings, the number of photons apparently absorbed became

higher, indicating a build-up of material within the cell.




The above mentioned difficulties notwithstanding, we believe that
both photoacoustic and emission signals originate with resonant two-
photon absorption in the region 340-410 nm for the following two reasons:
(1) no absorption is observed on the low energy side of 410 nm even though
there are states which would be resonant for greater-than-two photon absorp-
tion; and (2) the interpretation of the spectra of other molecules (pyra-

zenelz, triazine]3 ]6)

and osmium tetroxide in the same experimental
apparatus using similar laser power levels is only possible by assuming
a two-photon resonant absorption even though emission may arise from
higher states and/or photochemically-generated species.

Polarization studies were performed using both photo electric and
photo acoustic detection. However, little significant difference could
be found hetween the two spectra. This is to be expected considering
there is so 1ittle difference between one and two photon spectra and

that there are no pronounced features in either spectra.
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IV. Conclusions

Two-photon absorption spectroscopy of gas phase UF6 yields a spectrum
which, in its main features, is indistinguishable from the one-photon
absorption spectrum. No vibronic structure is observed. Two-photon
excited emission is weak and continuous for the 260 nm band and about a
factor of 10 weaker for the 360 nm band. Again, no vibronic structure is
observed. These results are indicative of the difficulty in performing
experiments on a molecule which rapidly and efficiently photolyzes.
kowever, the similarity of the one and two-photon spectra does indicate
that the density of excited states accessible to UF6 must be very high in
this energy range.

Investigations of the solid state of UF6 appear much more promising
in this regard. Well-resolved emission and excitation spectra have been
obtained in matrix-isolated and pure and mixed crystal UF6. The solid
state and low temperatures employed appear to suppress the fast photo-

chemistry to a significant extent.
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